Lung surfactant protein (SP)-D belongs to the family of soluble collagenous C-type lectins, named collectins. SP-D participates in the local innate immune defense of the lung, eliciting various effector functions by acting as a pattern recognition receptor for the carbohydrate structures on inhaled microorganisms and particulate matter. This work describes the isolation and characterization of the mouse SP-D gene ( Sftpd ), which spans 8 exons over 14 kb of sequence and shows an overall organization similar to other collectin genes. The complete 5 Ј untranslated region of the messenger RNA, absent from the published complementary DNA for mouse SP-D, was also cloned and is shown to be encoded by a single exon. Analysis of 3.5 kb of 5 Ј flanking nucleotide sequence for Sftpd is described and reveals positional conservation of a number of transcription factor binding sites on comparison of Sftpd with the human SP-D gene and the bovine conglutinin gene. In addition, a single copy SP-D-like gene has been shown to be present in mammals, birds, and amphibians but is absent in fish. An atypical, rodent-specific, long terminal repeat of retroviral origin containing a minisatellite that has become inserted in Sftpd is described. Three new polymorphic microsatellites are also described, one of which is just 160 base pairs upstream of Sftpd . This microsatellite was used to map the gene to the central region of chromosome 14; fine-scale mapping indicates that it lies in a 5.64-centimorgan area between D14Mit45 and D14Mit60 . This will allow the easy identification of the collectin gene cluster and aid in the construction of a physical map over this region. 
Pulmonary surfactant is a complex mixture of lipids and proteins important for both normal respiratory function (1) and immune defense in the lung (2) . Two of the surfactant proteins (SPs), SP-A and SP-D, belong to a subgroup of mammalian lectins termed collectins (3) . The collectins have collagenous stalks and carboxyl-terminal, calciumdependent lectin domains, with an overall quaternary structure similar to the first component of complement C1q (3) , and are implicated as pattern recognition receptors for non-self carbohydrate structures in innate immunity (3, 4) . Other members of the collectins include the serum protein mannan-binding lectin (MBL), which activates complement after binding to carbohydrate structures in a manner analogous to C1q binding to immune complexes (5) . Bovidae have two additional serum collectins: conglutinin and CL-43 (3) .
Evidence for the role of SP-D as a pattern recognition receptor within the innate immune system stems from both functional and expression data. The functions of SP-D have been investigated at three levels, with respect to the interaction between effector cells and pathogens. First, SP-D binds to carbohydrate structures on pathogens, such as influenza A virus, Escherichia coli (via lipopolysaccharides), and Cryptococcus neoformans . Second, SP-D binds two different cell types: leukocytes and alveolar macrophages (6, 7) . Third, SP-D can elicit cellular responses, such as acting as an opsonin in the phagocytosis of gram-negative bacteria (8) .
The expression pattern of SP-A and SP-D shows predominant localization to the lung; at the cellular level, the two are expressed by alveolar type II and Clara cells (9, 10) . Their secretion is mediated via a pathway distinct from the other surfactant proteins and lipids (9) . Unlike the other, more hydrophobic SPs (SP-B and SP-C), which are localized exclusively to the lung, minor sites of synthesis have been shown for SP-A and SP-D in the gastrointestines. The distinct tissue, cellular, and subcellular localization and expression of SP-A and SP-D are profoundly different from the other surfactant-associated proteins, implying a role independent of surfactant function. Indeed, clear evidence for the role of SP-A has emerged from SP-A-deficient transgenic mice, which display normal pulmonary compliance but show enhanced susceptibility to infection (11) .
Lung gene transcription has been well characterized for other lung-associated proteins (12) . Initial analysis of the human SP-D promoter has demarked regions for cell type-specific expression and hormonal regulation (13) . Hormonal control regions do not correlate with the locations of typical hormonal response units, consistent with an indirect, late-acting hormonal regulation on SP-D gene transcription (14) . Likewise, the promoter regions responsible for cell-specific expression do not account for the expression profile of SP-D.
The human gene arrangement of the collectins has been established by radiation hybrid mapping (15) . The surfactant collectins, the two SP-A genes, one SP-A pseudogene, and the SP-D gene form a tight cluster on chromosome 10 (10q22.2-q23.1). The SP-A gene cluster lies telomeric of the SP-D gene, whereas the MBL gene lies toward centromere, at 10q21 (16) . From genetic mapping data, a less-dispersed collectin locus probably exists in mice, consisting of the single copy SP-A and SP-D genes with one of the two MBL genes present in mice (MBL-A), lying in a 5-centimorgan (cM) region of chromosome 14, syntenic with the human collectin gene cluster (17) (18) (19) . This paper describes the characterization and partial sequencing of the mouse SP-D gene, and identification of the 5 Ј extent of the mouse SP-D complementary DNA (cDNA). Furthermore, the mouse SP-D promoter region is analyzed in relation to the conservation seen between the human SP-D and the bovine conglutinin genes (CGN1s) to identify regions that may be important for transcriptional control, thus forming the basis for further investigation. Zooblot analysis has also been performed to indicate the emergence of SP-D. Also, three short sequence length polymorphisms have been described that place the collectin locus in the context of a linkage map as a simple and widely available marker, which will aid in physical mapping and thus allow detailed analysis of the collectin loci.
Materials and Methods

Generation of a Mouse SP-D cDNA Probe
The cDNA probe used to screen for the mouse SP-D gene was generated by reverse transcriptase-polymerase chain reaction (RT-PCR) on mouse lung RNA. First-strand cDNA was generated using monkey leukemia virus RT (MLV-RT) (50 U; Promega, Southampton, UK) on 10 g of total mouse BALB/c lung RNA (purified using RNAzolB; Ambion, Austin, TX) primed with a species-conserved oligonucleotide D4 (CCGGAATTCAAGATCTCCACACA-GTCCTC). MLV-RT was heat-inactivated, and 1 l of the single-stranded product (20 l) was used as a template in five 50-l standard PCR (1.5 mM MgCl 2 , 25 mM KCl, 1 U Taq DNA polymerase, 200 M of each deoxynucleotide triphosphate [dNTP], and 0.2 M of each primer). The PCR program consisted of a 5-min denaturing step at 95 Њ C followed by 35 cycles of 94 Њ C for 45 s and 53 Њ C for 1 min, and 2 min at 72 Њ C, with primer D4 and a species-conserved sense oligonucleotide D3 (CCGGAATTCCTGGAAGC-AGAAATGAAGAC). The 1.1-kb PCR product was subcloned into pBluescript (Stratagene L.T.D., Cambridge, UK) and sequenced by fluorescent dye-terminator cycle sequencing using primer walking (20) . at 68 Њ C), with a 3-d exposure to X-ray film (X-OMAT AR; Kodak, Cambridge, UK). The clones were purified to homogeneity after rescreening three times.
Library Screening
Characterization of Positive Clones by PCR
To determine which positive clones contained a full-length gene for mouse SP-D, primers were designed at the 5 Ј and 3 Ј ends of each exon based on the human intron-exon structure and the mouse SP-D cDNA (17, 21) . PCR was performed on each phage clone using various primer pairs to ascertain which exons were represented. Four of the seven positive clones contained all of the translated exons. The phage clone containing all coding exons for mouse SP-D and the longest 5 Ј region ( mSPD-II) was subcloned into pBluescript to produce the genomic subclone pBmSPD-II.
Restriction Mapping
Restriction digestion was performed on the clones and the plasmid subclone pBmSPD-II. The 3 Ј end of the gene was further characterized by using a 10-kb Not I-Eco RI subclone of pBmSPD-II. Restriction fragments were separated on a 0.8% (wt/vol) agarose gel, Southern-blotted (22) onto nylon membranes (Hybond-N; Amersham Life Sciences, Little Chalfont, Buckinghamshire, UK), and [ ␣ -32 P]-labeled exons (exons 2 and 8) or exon-intron-exon PCR products (exons 3-5 and exons 6-7, inclusive) were used as probes.
Sequencing of the Gene
Intron-exon boundaries were sequenced by primer walking using fluorescent dye-terminator cycle sequencing with AmpliTaq FS (ABI Prism; Perkin-Elmer, Warrington, Cheshire, UK) on pBmSPD-II. A 4.5-kb Hin dIII fragment containing the entire 5 Ј region of the gene was shotgun-cloned into M13mp18. A total of 48 clones was sequenced using fluorescent dye-labeled M13 reverse primer by cycle sequencing. Sequence gaps were filled by a combination of fluorescent dye-terminator sequencing on PCR products generated from suitable M13 clones and primer walking on pBmSPD-II.
Rapid Amplification of 5 Ј cDNA Ends
Rapid amplification of cDNA ends (RACE) at the 5 Ј end (23) was performed to obtain the sequence of the 5 Ј untranslated region (UTR) of mouse SP-D. A single-stranded DNA template was synthesized using 50 U of MLV-RT on mouse total lung RNA with an oligonucleotide specific for exon 7 of SP-D (GTGGGAGAAGGCAACCTC). After heat inactivation and ethanol precipitation, the singlestranded DNAs were tailed with deoxycytidine using terminal deoxynucleotyltransferase (Boehringer Mannheim, Lewes, East Sussex, UK). PCR was performed for 30 cycles on the single-stranded DNA template using an "anchor" primer (GACTCGAGTCGACATCGATG 17 H) and a primer specific to SP-D exon 3 (CACGTTCTCCCTT-TGGTC). A nested PCR was performed using one-fiftieth of the first PCR product as a template with an antisense primer specific for the 3 Ј end of exon 2 (CACCCTTCT-CACCCCGT) and an anchor primer (GACTCGAGTC-GACATCGAT). The 5 Ј RACE product was subcloned into pBluescript and analyzed by restriction digestion. A total of 10 independent clones were cycle-sequenced with fluorescent dye primer-labeled M13 primers.
Polymorphism Analysis
Two dinucleotide (CA) repeats and a polyadenosine stretch in the 3 Ј UTR ( see Figure 1 ) were investigated for simplelength polymorphisms. Primers were designed (Table 1) to generate a PCR product of approximately 150 base pairs (bp). PCR was performed on genomic DNA samples from different inbred mice (provided by Yvonne Boyd, MRC Mammalian Genetics Unit, Harwell, UK). PCR was carried out for 30 cycles of amplification: 94 Њ C denaturation for 30 s, 55 Њ C or 60 Њ C for 30 s ( see Table 1 
Chromosomal Localization
A random selection of 50 mouse genomic DNA samples was obtained from the European Collaborative Interspecific Backcross (EUCIB) panel (Human Genome Mapping Project, Resource Centre, Hiaton, Cambridge, UK) (24) . All the animals used were from a C57BL/6 ϫ Mus spretus F1 generation backcrossed with either parental strain. For fine-scale mapping, a panel of informative recombinant mice for D14Mit45 -D14Mit5 was analyzed. The inheritance of the simple sequence length polymorphism (SSLP) flanking the mouse SP-D gene (Sftpd), assessed by PCR, was used to determine the chromosomal location and fine-scale position of the gene with respect to known EUCIB markers on the mouse genome.
Zooblot
Genomic DNA was extracted from several different animals (Genomic DNA extraction kit; Qiagen, Hilden, Germany). Genomic DNA, 10 g, was digested with BamHI, separated on a 1% (wt/vol) agarose gel, then blotted onto nylon membrane. The membrane was probed with an [␣- 
Results
Characterization of the Mouse SP-D Genomic Clones
Restriction mapping, sequencing, and PCR analysis showed that the clone, mSPD-II, contained all of the protein coding regions for mouse SP-D and the longest 5Ј region. Two contiguous stretches of sequence were constructed using primer walking on the plasmid subclone (pBmSPD-II) and shotgun sequencing of the 5Ј region of the gene (accession numbers AF047741 and AF047742).
The gene is approximately 14 kb long ( Figure 1 ). The first exon encodes 39 bp of the complete 5Ј UTR (see below). Exon 2 includes the remaining 3 bp of the 5Ј UTR, the signal peptide, N-terminal region, and the first seven triplets of collagen-like sequence. The four subsequent exons, 3-6, each of 117 bp, encode the rest of the collagenlike region. The final two exons, 7 and 8, encode the ␣ helical coiled-coil region and the C-type lectin domain plus the 3Ј UTR, respectively. The predicted messenger RNA (mRNA) from the genomic sequence differs from the published cDNA B6/CBAF1J sequence for mouse SP-D (17) in the 3Ј UTR, where a polyadenosine tract is 2 bp shorter in the 129/SV genomic sequence. This represents a polymorphism within the 3Ј UTR.
The gene size and the intron-exon organization of Sftpd are similar to both the human SP-D gene and CGN1. All exons are in phase I with introns interrupting glycine codons of the collagen-like sequence (Table 2) , consistent 
Lower-case and upper-case characters represent intronic and exonic sequences, respectively. Part of the protein sequence is translated underneath the exons, where the first methionine is underlined. Bold characters indicate the acceptor and donor sites, which conform to the GT-AG rule. Sizes of the introns and exons were determined by sequencing; except intron 2, which was estimated from restriction digestion fragmentation and by PCR.
with the genomic structures of all the collectin genes sequenced to date.
Zooblot
To confirm the integrity of the cloned gene, the restriction pattern performed with several different enzymes, was identical with that of 129/SV genomic DNA, using the exon encoding the CRD of mouse SP-D as a probe (results not shown). This probe was also cross-hybridized with the genomic DNA of different species. At mild stringency, cross hybridization was seen across all the mammals (human, mouse, cattle, sheep, and rabbit), birds (goose), and amphibians (frog) tested, and all indicate a single copy SP-D-like gene (Figure 2 ). Cross hybridization was not seen with fish.
Dispersed Repetitive Elements and Polymorphisms
The increase in the size of the murine SP-D intron between exons 5 and 6 compared with the analogous human intron is a result of an insertion of a 360-bp dispersed repetitive element (Figure 1 ). The element is an ORR-1, a subfamily of the rodent-specific mammalian apparent long terminal repeat (LTR) retrotransposons (MaLRs) (25) .
The Sftpd ORR-1 shows the highest degree of homology with the consensus sequence for ORR-1A (accession no. U17093) and includes the typical hallmarks for solitary LTRs (shown in Figure 3) .
Two dinucleotide repeats (CA) and a polyadenosine tract were identified within the gene for mouse SP-D (Figure 1 ). All were shown to be polymorphic between different inbred mouse strains by PCR (results submitted to the Mouse Genome Database, accession no. J:48340). The polymorphic CA repeat within the promoter region (CA1) showed three different alleles in seven strains of 21 to 23 dinucleotide arrays. This repeat is also present in the rat SP-D promoter region, but absent from both the human SP-D (13) and bovine conglutinin promoter regions (26) . The second CA repeat (CA2), within intron 7, showed a higher degree of variation than did CA1, with five different alleles across seven inbred mouse strains, ranging from 16 to 25 dinucleotide arrays. It is unknown whether this repeat is present in the rat or human genes for SP-D. The polyadenosine tract within the 3Ј untranslated region of mouse SP-D displayed three alleles across 10 strains of inbred mice and has a repeat length varying from 19 to 27 bp.
Chromosomal Localization
The SSLP CA1 was used to determine the chromosomal location of Sftpd relative to other genetic markers, to aid in physical mapping of the collectin locus. Initially, genotyping was carried out on 50 DNA samples randomly selected from the EUCIB (24), followed by analysis of an informative recombinant panel for the region D14Mit45-D14Mit5. Gene ordering and linkage to the EUCIB anchor loci was carried out on the MBx database and by visual inspection of the data (24) . The EUCIB data confirms an earlier report that Sftpd lies in the central region of mouse chromosome 14 (17) and is linked to D14Mit45 ( 2 value of 71.14) and D14Mit60 ( 2 value of 27.14) ( Figure 4B ). Further analysis of critical recombinants, while minimizing the number of double recombinants, established the locus order D14Mit45, D14Mit212, D14Mit56 and Sftpd, D14Mit141, D14Mit60 ( Figure 4C ). Of the 27 scored recombinant mice between D14Mit45 and D14Mit60, 16 were recombinant between D14Mit45 and Sftpd, whereas 
Use of 5Ј RACE to Identify the 5Ј UTR of the Mouse SP-D cDNA
RACE at the 5Ј end was performed on total mouse lung RNA, using nested PCR on a single-stranded DNA template that was primed with a mouse SP-D-specific oligonucleotide, yielding a product of approximately 250 bp. The sequence of seven independent clones of the 5 Ј RACE product were in agreement with the cDNA sequence of mouse SP-D. An additional 37 bp of 5Ј UTR sequence was identified in the clones, identical to a continuous stretch of sequence in the 5Ј region of the mouse SP-D gene (exon 1; see Figure 5 ). This is consistent with the 5Ј extent of the mouse SP-D gene transcribed in the lung, as shown by primer extension (results not shown). Three truncated 5Ј RACE products were identified, two initiated at position 63 and a third at position 70 of the full-length cDNA.
Analysis of the Promoter Region
Analysis of the sequence around the first nucleotide of exon 1 of Sftpd showed a strong similarity to the consensus sequence for the initiation of transcription (YNN-NYAYYYYY) (27) , consistent with the transcription start site identified by 5Ј RACE and that shown for humans and rats (13) .
The repetitive DNA elements divide the 5Ј sequence flanking the transcription start site into two areas. The upstream half, Ϫ3671 to Ϫ1809, is crammed with dispersed repetitive elements, occupying 55% of the sequence, containing three short interspersed element (SINE)-like sequences that are upstream of three long interspersed element (LINE)-like sequences. The sequence immediately upstream of the transcription start site is devoid of known dispersed repetitive elements (see Figure 1) .
Comparative sequence analysis between the human and mouse promoters for SP-D, using dot-plot analysis, revealed a conserved promoter that spans 700 bp upstream from exon 1 (results not shown). A similar area of identity was seen with bovine conglutinin, although fewer clusters of identity are immediately adjacent to the transcription start site (results not shown). This is consistent with the idea that the proximal region of a promoter confers celltype specificity, and that more distal regions are important for modulation of transcription.
An array of transcription factor binding sites was identified within the 5Ј region flanking the mouse SP-D gene ( Figure 5) . However, the sites positionally conserved between the murine and human SP-D genes or conglutinin are probably more functionally significant (listed in Table  3 ). Two blocks of sequence identity are interesting because they both contain conserved cell-specific transcription factors. A degenerate TATA box (CATAAAT) at Ϫ30 is conserved, and differs by one nucleotide from the consensus TATA box (TATAWAW). Also found within this conserved block of sequence are transcription factor binding sites for Cdx (MTTTATR), which is involved in intestinal-specific gene transcription (28) , and a core recognition sequence (RTAAAYA) for the forkhead (fkh) family of transcription factors (29) , which is involved in organ-specific gene expression along the foregut axis (30) . Upstream, within a larger block of conserved sequence at Ϫ512 to Ϫ459, lies a conserved binding site for the transcription factor AP-2 (CCCMNSSS) at Ϫ509 and a conserved central core motif for thyroid transcription factor (TTF)-1 (31) at Ϫ489. Positional conservation of SP-1, H-AP-1, and nuclear factor-interleukin-6 regulatory elements could not be seen in the Sftpd as described for the human SP-D gene SFTPD and the rat gene (13) .
It is interesting to note that the rodent and human genes for SP-D do not contain CAAT boxes within the vicinity of the TATA box. Indeed, alignment between Sftpd and CGN1 shows that the analogous region of Sftpd has been disrupted by the polymorphic microsatellite (CA1).
Discussion
This study describes the molecular cloning and a detailed characterization of the mouse gene Sftpd, including the identification of the start of transcription and three new polymorphic markers for Sftpd. The gene extends over 14 kb and consists of 8 exons (Figure 1 ). All intron-exon boundaries begin with a 5Ј GT and terminate with a 3Ј AG (Table 2), conforming to the GT-AG rule. The positions of introns are conserved between the mouse and human SP-D genes (21) , with all the protein coding exons in phase I. The mouse SP-D gene was partially sequenced and two individual contiguous stretches of sequence were constructed (Figure 1 ). The first contig includes 3.5 kb of the 5Ј flanking region of the gene, exon 1 and exon 2 (accession no. AF047741). The second contig encompasses exon 3 to exon 8 (accession no. AF047742). The 5Ј UTR, absent from the published mouse cDNA sequence (17) , was identified by 5Ј RACE, and the majority is shown to be encoded by a single exon of 39 bp (exon 1). This exon shows 78% identity to the first exon of human SP-D and 80% The position of each site is indicated relative to the transcription start site in the mouse gene. The consensus sequence for each transcription binding site is shown. Parentheses indicate inverted elements. Conservation in the human gene (Hu) and CGN1 are indicated.
identity to the first exon of rat SP-D (13) . Exons 2 to 8 of Sftpd show complete identity to the published mouse cDNA sequence (17) , with the exception of a polyadenosine tract in the 3Ј UTR, which is polymorphic. Exon 2 codes for the last 3 bp of 5Ј UTR, the signal peptide, and the N-terminal region, important for the quaternary protein structure (32) , and 120 bp of the collagen region. This is followed by four 117-bp exons encoding uninterrupted collagen sequence. The neck region, which initiates trimerization of the polypeptide chain (33) and the CRD domain, is encoded by separate exons (exons 7 and 8). In addition to the CRD, exon 8 also codes for a 126-bp 3Ј UTR.
The intron-exon structure of mouse SP-D is consistent with other members of collectin gene family. Glycine codons of the collagen motif (Gly-Xxx-Yyy) are split in phase I by introns, resembling the organization of the nonfibrous vertebrate and invertebrate collagens (34) . Split glycine codons have also been identified in the type IV collagens, the complement C1q genes, and the macrophage scavenger receptor gene as noted by Crouch and colleagues (21) , and, more recently, have been seen in the human ficolin genes (35) . Phase I interrupted glycine codons are believed to be the most ancestral collagen exons (36) . Phase I introns are also the most prevalent type and hence are compatible with exon shuffling (37) . An outstanding feature of SP-D is that the collagen region is encoded by four identically sized 117-bp exons, representative of collectin exon duplications. Despite the presence of these four genomic interruptions, the Gly-Xxx-Yyy collagen-like motif is not perturbed as seen for other collagen-containing proteins, such as C1q and MBL (38) .
Two polymorphic dinucleotide repeats and one polyadenosine tract have been identified in Sftpd that represent the only SSLP for the collectin gene loci. Because SSLP is a more easily applied technique than restriction fragment length polymorphism, these markers will be useful for positional cloning and disease linkage studies. The polymorphic nature of these markers permits their use across many different backcross and recombinant inbred panels. A polyadenosine tract length polymorphism was detected in the 3Ј UTR. The allele seen in the B6/CBAF1J cDNA sequence for SP-D (17) does not represent the parental alleles (C57BL/6 and CBA). This may reflect allelic differences between laboratory inbred strains. The significance of a second polyadenosine tract close to the polyadenylated tail of an mRNA is not known. The dinucleotide repeat within the promoter region of SP-D is present in rodents but not in the human promoter. This repeat may prove to be interesting at the protein level because dinucleotide repeats within the promoter region are thought to be responsible for intraspecies phenotypic variation (39) . It would be interesting to determine whether variation in repeat length within the promoter or the 3Ј UTR gives quantitative variations in the expression levels of SP-D in rodent populations.
One of the polymorphic repeats, CA1, was used in backcross analysis, mapping the mouse gene for SP-D to chromosome 14 ( Figure 4) ; this is in agreement with an earlier report (17) . In addition, fine-scale mapping of Sftpd shows that it lies within a 5.64-cM region between D14Mit60 and D14Mit45 ( Figure 4B ). This information will aid physical mapping of the mouse collectin locus and makes available a simple method for identification of the collectin locus for genome scanning and positional cloning experiments.
The genomic sequence surrounding the 3Ј UTR of the mouse SP-D gene does not share sequence similarity with human Alu repetitive elements or the human hypervariable minisatellite (D1S8), as described for the 3Ј UTR of the mouse SP-D cDNA (17) . However, there are two points of interest regarding dispersed repetitive elements. First, the promoter region of Sftpd is essentially defined by the absence of repetitive elements proximal to the start of transcription, in contrast to the distal region flanking the gene that contains three LINE-like and three SINE-like sequences (see Figure 1) . Second, a dispersed repetitive element, a solitary LTR (Figure 3 ), is present in intron 5 of the mouse SP-D gene and belongs to the rodent-specific ORR-1A subfamily of MaLRs (25) . This second element is atypical because it contains an inserted minisatellite; such hybrid elements have the potential to be hypervariable in both murine and human genomes and are regarded as hot spots of recombination (40) .
The cDNA and protein sequences of SP-D and SP-A have so far been described only for mammals (humans, rodents, cows, and guinea pigs). Recently, an SP-A-like RNA and protein have been detected in fish (41) . We used an SP-D CRD probe to identify a single copy SP-D-like gene in all animals with lungs: mammals, avians, and amphibians ( Figure 2) . SP-D expression in mammals is not restricted to the lung since SP-D mRNA has been detected at a variety of different nonpulmonary sites. However, in fish, an SP-D-like gene does not appear to be present. Therefore, SP-D probably evolved for lung-related functions, and transcriptional control of the gene was adapted for expression at secondary sites, which is reflected by the low expression levels at these secondary sites of expression. SP-D appears as a single copy gene across the mammals, birds, and amphibians tested, unlike MBL and SP-A, in which the copy number of each gene varies between different species.
Comparison of syntenic regions of different genomes is useful in identifying genes and regulatory regions. Dotplot analysis and sequence alignment of the human and murine 5Ј flanking regions of SP-D genes suggest that the regulatory region of the SP-D gene extends 700 bp upstream of the transcription start site. This agrees with transcription analysis performed on the human SP-D promoter (13) . Numerous stretches of sequence identity are revealed by alignment of the mouse and human SP-D promoter, some clearly showing importance as they coincide with consensus transcription factor binding sites (Table 3 ) (42) .
The minimal promoter for human SP-D that confers cell-type specificity stretches 161 bp upstream from the transcription start site (13) . Within this region, putative transcription factor binding sites are positionally conserved in murine and human SP-D promoters, including AP-1, H-APF-1, Cdx, and the core motif for the fkh family of transcription factors. The AP-1 site has been shown to be functional (13) , and is also conserved in the bovine conglutinin promoter. The only conserved lung-specific tran-scription factor binding site within the minimal promoter is for the fkh family of transcription factors (29) . This is intriguing because members of this family also contribute to lung-specific expression of Clara cell 10-kD protein (CC-10) and SP-B (43) .
TTF-1 plays important roles in lung-specific expression of SP-A, SP-B, SP-C, and CC-10 (30, (44) (45) (46) . The transcription factor binding site core motifs of TTF-1 (31) were used to find two positionally conversed sites in the human and murine SP-D promoters; these sites were situated within larger blocks of sequence identity and warrant further investigation.
Two E-boxes are positionally conserved in the human and murine SP-D promoters; E-box motifs are known to be present in the enhancer regions of the SP-A promoter (47) . Another conserved transcription binding site is the H-APF-1 site. H-APF-1 is commonly found in acute phase response genes and is induced by lipopolysaccharides, which upregulate rat SP-D expression in vivo (48) .
Analysis of the transcriptional control of SP-D will help elucidate the role of this gene within the immune system and address questions of what immune signals interact with SP-D. Consequently, understanding the effects that deficiency or different levels of SP-D have upon the host, whether in animal models or by defining functional polymorphisms of SP-D in the human population, is also an essential route of investigation.
